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The classical structure-function (SF) method in fully developed turbulence or for scaling8
processes in general is influenced by large-scale energetic structures, known as infrared effect.9
Therefore, the extracted scaling exponents ζ(n) might be biased due to this effect. In this10
paper, a detrended structure-function (DSF) method is proposed to extract scaling exponents11
by constraining the influence of large-scale structures. This is accomplished by removing a12
1st-order polynomial fitting within a window size ℓ before calculating the velocity increment.13
By doing so, the scales larger than ℓ, i.e., r ≥ ℓ, are expected to be removed or constrained.14
The detrending process is equivalent to be a high-pass filter in physical domain. Meanwhile15
the intermittency nature is retained. We first validate the DSF method by using a synthesized16
fractional Brownian motion for mono-fractal processes and a lognormal process for multifractal17
random walk processes. The numerical results show comparable scaling exponents ζ(n) and18
singularity spectra D(h) for the original SFs and DSFs. When applying the DSF to a turbulent19
velocity obtained from a high Reynolds number wind tunnel experiment with Reλ ≃ 720,20
the 3rd-order DSF demonstrates a clear inertial range with B3(ℓ) ≃ 4/5ǫℓ on the range21
10 < ℓ/η < 1000, corresponding to a wavenumber range 0.001 < kη < 0.1. This inertial range22
is consistent with the one predicted by the Fourier power spectrum. The directly measured23
scaling exponents ζ(n) (resp. singularity spectrum D(h)) agree very well with a lognormal24
model with an intermittent parameter µ = 0.33. Due to large-scale effects, the results provided25
by the SFs are biased. The method proposed here is general and can be applied to different26
dynamics systems in which the concepts of multiscale and multifractal are relevant.27
Keywords: Fully Developed Turbulence; Intermittency; Detrended Structure-Function28
1. Introduction29
Multiscale dynamics is present in many phenomena, e.g., turbulence [1], finance30
[2, 3], geosciences [4, 5], etc, to quote a few. It has been found in many multi-31
scale dynamics systems that the self-similarity is broken, in which the concept32
of multiscaling or multifractal is relevant [1]. This is characterized conventionally33
by using the structure-functions (SFs), i.e., Sn(ℓ) = 〈∆uℓ(x)
n〉 ∼ ℓζ(n), in which34
∆uℓ(x) = u(x + ℓ) − u(x) is an increment with separation scale ℓ. Note that for35
the self-similarity process, e.g., fractional Brownian motion (fBm), the measured36
ζ(n) is linear with n. While for the multifractal process, e.g., turbulent velocity,37
it is usually convex with n. Other methods are available to extract the scaling ex-38
ponent. For example, wavelet based methodologies, (e.g., wavelet leaders, wavelet39
transform modulus maxima [5–7]), Hilbert-based method [8, 9], or the scaling anal-40
ysis of probability density function of velocity increments [10], to name a few. Each41
method has its owner advantages and shortcomings. For example, the classical SFs42
is found to mix information of the large- (resp. known as infrared effect) and small-43
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scale (resp. known as ultraviolet effect) structures [9, 11–14]. The corresponding44
scaling exponent ζ(n) is thus biased when a large energetic structure is present [9].45
Previously the influence of the large-scale structure has been considered exten-46
sively by several authors [12, 13, 15–18]. For example, Praskvosky et al., [15] found47
strong correlations between the large scales and the velocity SFs at all length48
scales. Sreenivasan & Stolovitzky (author?) [16] observed that the inertial range49
of the SFs conditioned on the large scale velocity show a strong dependence.50
Huang et al., (author?) [12] showed analytically that the influence of the large-51
scale structure could be as large as two decades down to the small scales. Blum52
et al., (author?) [13] studied experimentally the nonuniversal large-scale struc-53
ture by considering both conditional Eulerian and Lagrangian SFs. They found54
that both SFs depend on the strength of large-scale structures at all scales. In55
their study, the large-scale structure velocity is defined as two-point average, i.e.,56 ∑
uz(ℓ) = [uz(x)+uz(x+ ℓ)]/2, in which uz is the vertical velocity in their experi-57
ment apparatus. Note that they conditioned SFs on different intensity of
∑
uz(ℓ).58
Later, Blum et al., (author?) [18] investigated systematically the large-scale struc-59
ture conditioned SFs for various turbulent flows. They confirmed that in different60
turbulent flows the conditioned SFs depends strongly on large-scale structures at61
all scales.62
In this paper, a detrended structure-function (DSF) method is proposed to ex-63
tract scaling exponents ζ(n). This is accomplished by removing a 1st-order poly-64
nomial within a window size ℓ before calculating the velocity increment. This pro-65
cedure is designated as detrending analysis (DA). By doing so, scales larger than66
ℓ, i.e., r ≥ ℓ, are expected to be removed or constrained. Hence, the DA acts as a67
high-pass filter in physical domain. Meanwhile, the intermittency is still retained.68
A velocity increment ∆ui,ℓ(x) is then defined within the window size ℓ. A nth-order69
moment of ∆ui,ℓ(x) is introduced as nth-order DSF. The DSF is first validated by70
using a synthesized fractional Brownian motion (fBm) and a lognormal process71
with an intermittent parameter µ = 0.15 respectively for mono-fractal and multi-72
fractal processes. It is found that DSFs provide comparable scaling exponents ζ(n)73
and singularity spectra D(h) with the ones provided by the original SFs. When74
applying to a turbulent velocity with a Reynolds number Reλ = 720, the 3rd-order75
DSF shows a clear inertial range 10 < ℓ/η < 1000, which is consistent with the one76
predicted by the Fourier power spectrum Eu(k), e.g., 0.001 < kη < 0.1. Moreover,77
a compensated height of the 3rd-order DSF is 0.80 ± 0.05. This value is consis-78
tent with the famous Kolmogorov four-fifth law. The directly measured scaling79
exponents ζ(n) (resp. singularity spectrum D(h)) agree very well with the lognor-80
mal model with an intermittent parameter µ = 0.33. Due to the large-scale effect,81
known as infrared effect, the SFs are biased. Note that the scaling exponents are82
extracted directly without resorting to the Extended-Self-Similarity (ESS) tech-83
nique. The method is general and could be applied to different types of data, in84
which the multiscale and multifractal concepts are relevant.85
2. Detrending Analysis and Detrended Structure-Function86
2.1. Detrending Analysis87
We start here with a scaling process u(x), which has a power-law Fourier spectrum,88
i.e.,89
E(k) = Ck−β (1)
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in which β is the scaling exponent of E(k). The Parseval’s theorem states the90
following relation, i.e.,91
〈u(x)2〉x =
∫ +∞
0
E(k) dk (2)
in which 〈 〉 is ensemble average, E(k) is the Fourier power spectrum of u(x) [19].92
We first divide the given u(x) into m segments with a length ℓ each. A qth-order93
detrending of the ith segment is defined as, i.e.,94
ui,ℓ(x) = ui(x)− P
q
i,ℓ(x), (i− 1)ℓ ≤ x ≤ iℓ (3)
in which P qi,ℓ(x) is a qth-order polynomial fitting of the ui(x). We consider below95
only for the first-order detrending, i.e., q = 1. To obtain a detrended signal, i.e.,96
uℓ(x) = [u1,ℓ(x), u2,ℓ(x) · · · um,ℓ(x)], a linear trend is removed within a window size97
ℓ. Ideally, scales larger than ℓ, i.e., r > ℓ are removed or constrained from the98
original data u(x). This implies that the DA procedure is a high-pass filter in the99
physical domain. The kinetic energy of uℓ(x) is related directly with its Fourier100
power spectrum, i.e.,101
D2(ℓ) = 〈uℓ(x)
2〉x =
∫ +∞
0
Eℓ(k) dk ≃
∫ +∞
kℓ
E(k) dk (4)
in which kℓ = 1/ℓ and Eℓ(k) is the Fourier power spectrum of uℓ(x). This illustrates102
again that the DA procedure acts a high-pass filter, in which the lower Fourier103
modes k < kℓ (resp. r > ℓ) are expected to be removed or constrained. For a104
scaling process, i.e., E(k) ∼ k−β, it leads a power-law behavior, i.e.,105
D2(ℓ) ∼ k
1−β
ℓ ∼ ℓ
β−1 (5)
The physical meaning of D2(ℓ) is quite clear. It represents a cumulative energy106
over the Fourier wavenumber band [kℓ,+∞] (resp. scale range [0, ℓ]). We empha-107
size here again that the DA acts as a high-pass filter in physical domain and the108
intermittency nature of u(x) is still retained.109
2.2. Detrended Structure-Function110
The above mentioned detrending analysis can remove/constrain the large-scale111
influence, known as infrared effect. This could be utilized to redefine the SF to112
remove/constrain the large-scale structure effect as following. After the DA pro-113
cedure, , the velocity increment can be defined within a window size ℓ as, i.e.,114
115
∆ui,ℓ(x) = ui,ℓ(x+ ℓ/2) − ui,ℓ(x) (6)
in which i represents for the ith segment. We will show in the next subsection why116
we define an increment with a half width of the window size. A nth-order DSF is117
then defined as, i.e.,118
Bn(ℓ) = 〈∆ui,ℓ(x)
n〉x (7)
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For a scaling process, we expect a power-law behavior, i.e.,119
Bn(ℓ) ∼ ℓ
ζ(n) (8)
in which the scaling exponent ζ(n) is comparable with the one provided by the120
original SFs.121
To access negative orders of n (resp. the right part of the singularity spectrum122
D(h), see definition below), the DSFs can be redefined as, i.e.,123
Bn(ℓ) = 〈Xℓ(i)
n〉 (9)
in which Xℓ(i) = 〈|∆ui,ℓ(x)|〉(i−1)ℓ≤x≤iℓ is local average for the ith segment. A124
power-law behavior is expected, i.e., Bn(ℓ) ∼ ℓ
ζ(n). It is found experimentally that125
when q > 0, Eqs. (7) and (9) provide the same scaling exponents ζ(n). In the126
following we do not discriminate these two definitions for DSFs.127
2.3. An Interpretation in Time-wavenumber Analysis Frame128
0← →∞
k
0
0.5
1
W
(ℓ
,k
)
kℓ
WSF(ℓ,k) WDA(ℓ,k) WDSF(ℓ,k)
Figure 1. (Color online) An illustration of the weight function W(ℓ, k) for different methods: structure-
function WSF = 1− cos(2πkℓ) (dashed line), first-order detrending analysis WDA (thin solid line), and the
detrended structure-function WDSF (thick solid line). The detrended scale ℓ is demonstrated by a vertical
solid line with kℓ = 1/ℓ. Ideally, scales larger than ℓ, i.e., r < ℓ (resp. k < kℓ) are expected to be removed
after the detrending process.
To understand better the filter property of the detrending procedure and DSFs,129
we introduce here a weight function W(ℓ, k), i.e.,130
M2(ℓ) =
∫ +∞
0
W(ℓ, k)E(k) dk (10)
in which E(k) is the Fourier power spectrum of u(x), and M2(ℓ) is a second-order131
moment, which could be one of D2(ℓ) or B2(ℓ), or S2(ℓ), respectively. The weight132
function W(ℓ, k) characterizes the contribution of the Fourier component to the133
corresponding second-order moment. Note that an integral constant is neglected134
in the eq. (10). For the second-order SFs, one has the following weight function135
[1, 12], i.e.,136
WSF(ℓ, k) = 1− cos (2πkℓ) (11)
For a scaling process, one usually has a fast decaying Fourier spectrum, i.e. E(k) ∼137
k−β with β > 0. Hence, the contribution from small-scale (resp. high wavenumber138
Fourier mode) is decreasing. The SFs might be more influenced by the large-scale139
part for large values of β [12, 14, 20]. For the detrended data, the corresponding140
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weight function is ideally to be as the following, i.e.,141
WDA(ℓ, k) =
{
0, when k ≤ kℓ
1, when k > kℓ
(12)
The DSFs (resp. the combination of the DA and SF) have a weight function, i.e.,142
WDSF(ℓ, k) =
{
0, when k ≤ kℓ
1− cos (πkℓ) , when k > kℓ
(13)
Comparing with the original SFs, the DSFs defined here can remove/constrain the143
large-scale effect. Figure 1 shows the correspondingW(ℓ, k) for the SF, detrending144
analysis, and DSF, respectively. The detrended scale ℓ is illustrated by a vertical145
line, i.e., kℓ = 1/ℓ. We note here that with the definition of Eq. (6), B2(ℓ) provides146
a better compatible interpretation with the Fourier power spectrum E(k) since we147
haveWDSF(ℓ, kℓ) = 1. This is the main reason why we define the velocity increment148
with the half size of the window width ℓ.149
We provide some comments on Eq. (10). The above argument is exactly valid150
for linear and stationary processes. In reality, the data are always nonlinear and151
nonstationary for some reasons, see more discussion in Ref. [21]. Therefore, eq. (10)152
holds approximately for real data. Another comment has to be emphasized here153
for the detrending procedure. Several approaches might be applied to remove the154
trend [22, 23]. However, the trend might be linear or nonlinear. Therefore, different155
detrending approaches might provide different performances. In the present study,156
we only consider the 1st-order polynomial detrending procedure, which is efficient157
for many types of data.158
0.2 0.3 1/3 0.4 0.5
h
0.6
0.8
1
D
(h
)
SF
DSF
0.3 1/3 0.35
h
0.9
0.95
1
D
(h
)
Figure 2. (Color online) Measured singularity spectrum D(h) for fractional Brownian motion with H =
1/3 on the range −4 ≤ n ≤ 4. The inset shows the singularity spectrum D(n) on the range 0 ≤ n ≤ 4.
The errorbar is the standard deviation estimated from 100 realizations. Ideally, one should have h = 1/3
and D(1/3) = 1. Both methods provide the same h and D(h) and statistical error.
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Figure 3. (Color online) Measured singularity spectrum D(h) for the lognormal process with an intermit-
tent parameter µ = 0.15. The errorbar is the standard deviation from the 100 realizations. The theoretical
singularity curve is illustrated by a solid line. Both estimators provide the same singularity spectra D(h)
and statistical error.
3. Numerical Validation159
3.1. Fractional Brownian Motion160
We first consider here the fractional Brownian motion as a typical mono-scaling161
process. FBm is a Gaussian self-similar process with a normal distribution incre-162
ment, which is characterized by H, namely Hurst number 0 < H < 1 [24–27]. A163
Wood-Chan algorithm is used to synthesize the fBm with a Hurst numberH = 1/3.164
We perform 100 realizations with a data length 105 points each. Power-law behav-165
ior is observed on a large-range of scales for −4 ≤ n ≤ 4. The corresponding166
singularity spectrum is, i.e.,167
h = ζ ′(n), D(h) = min
n
{hn − ζ(n) + 1} (14)
Ideally, one should have a single point of singularity spectrum with h = 1/3 and168
D(1/3) = 1. However, in practice, the measured singularity spectrum D(h) is al-169
ways lying in a narrow band. Figure 2 shows the measured singularity spectrum170
D(h) for SFs () and DSFs (#) for −4 ≤ n ≤ 4, in which the inset shows the171
singularity spectra D(h) estimated on the range 0 ≤ n ≤ 4. Visually, both estima-172
tors provide the same D(h) and the same statistical error, which is defined as the173
standard deviation from different realizations.174
3.2. Multifractal Random Walk With a Lognormal Statistics175
We now consider a multifractal random walk with a lognormal statistics [28–30].176
A multiplicative discrete cascade process with a lognormal statistics is performed177
to simulate a multifractal measure ǫ(x). The larger scale corresponds to a unique178
cell of size L = ℓ0λ
N
1 , where ℓ0 is the largest scale considered and λ1 > 1 is a179
dimensional scale ratio. In practice for a discrete model, this ratio is often taken180
as λ1 = 2 [9, 30]. The next scale involved corresponds to λ1 cells, each of size181
L/λ1 = ℓ0λ
N−1
1 . This is iterated and at step p (1 ≤ p ≤ N) λ
p
1 cells are retrieved.182
Finally, at each point the multifractal measure ǫ(x) is as the product of n cascade183
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random variables, i.e.,184
ǫ(x) =
N∏
m=1
Wm(x) (15)
whereWm(x) is the random variable corresponding to position x and level m in the185
cascade [30]. Following the multifractal random walk idea [28, 29], a nonstationary186
multifractal time series can be synthesized as, i.e.,187
u(x) =
∫ x
0
ǫ(x′)1/2 dB(x′) (16)
where B(x) is Brownian motion. Taking a lognormal statistic for ǫ, the scaling188
exponent ζ(n) for the SFs, i.e., 〈∆uℓ(x)
n〉 ∼ ℓζ(n), is written as,189
ζ(n) =
n
2
−
µ
2
(
n2
4
−
n
2
) (17)
where µ is the intermittency parameter (0 ≤ µ ≤ 1) characterizing the lognormal190
multifractal cascade [30].191
Synthetic multifractal time series are generated following Eq. (16). An intermit-192
tent parameter µ = 0.15 is chosen for m = 17 levels each, corresponding to a data193
length 131072 points each. A total of 100 realizations are performed. The statistical194
error is then measured as the standard deviation from these realizations. Figure195
3 shows the corresponding measured singularity spectra D(h), in which the theo-196
retical value is illustrated by a solid line. Graphically, the theoretical singularity197
spectra D(h) are recovered by both estimators. Statistical error are again found to198
be the same for both estimators.199
We would like to provide some comments on the performance of these two esti-200
mators. For the synthesized processes, they have the same performance since there201
is no intrinsic structure in these synthesized data. But for the real data, as we men-202
tioned above, they possess nonstationary and nonlinear structures [21]. Therefore,203
as shown in below, they might have different performance.204
4. Application to Turbulent Velocity205
We consider here a velocity database obtained from a high Reynolds number206
wind tunnel experiment in the Johns-Hopkins university with Reynolds number207
Reλ = 720. An probe array with four X-type hot wire anemometry is used to208
record the velocity with a sampling wavenumber of 40 kHz at streamwise direction209
x/M = 20, in which M is the size of the active grid. These probes are placed in210
the middle height and along the center line of the wind tunnel to record the turbu-211
lent velocity simultaneously for a duration of 30 second. The measurement is then212
repeated for 30 times. Finally, we have 30 × 4 × 30 × (4 × 104) data points (num-213
ber of measurements × number of probes × duration time × sampling wavenum-214
ber). Therefore, there are 120 realizations (number of measurements × number of215
probes). The Fourier power spectrum Eu(k) of the longitudinal velocity reveals a216
nearly two decades inertial range on the wavenumber range 0.001 < kη < 0.1 with217
a scaling exponent β ≃ 1.65 ± 0.02, see Ref. [31]. This corresponds to time scales218
10 < ℓ/η < 1000. Here η is the Kolmogorov scale. Note that we convert our results219
into spatial space by applying the Taylor’s frozen hypothesis [1]. More detail about220
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〉
Figure 4. (Color online) Measured compensated 3rd-order moments S3(ℓ)/(ǫℓ) and B3(ℓ)/(ǫℓ) from exper-
imental homogeneous and nearly isotropic turbulent flow. They are respectively 3rd-order SFs with () and
without (#) absolute value, and 3rd-order DSFs with (▽) and without (△) absolute value. The horizontal
solid line indicates the Kolmogorov’s four-fifth law. An observed plateau for B3(ℓ)/ǫℓ indicates an inertial
range on the range 10 < ℓ/η < 1000, corresponding to a wavenumber range 0.001 < kη < 0.1. Roughly
speaking, a plateau for S3(ℓ)/ǫℓ indicates an inertial range on the range 10 < ℓ/η < 100. The height of
the inertial range are respectively 0.67 ± 0.02 (#), 4.84 ± 0.14 (), 0.0098 ± 0.0024 (△) and 0.80 ± 0.05
(▽), in which the statistical error is the standard deviation obtained from the inertial range. Note that
the inertial range are 10 < ℓ/η < 100 for the SFs and 10 < ℓ/η < 1000 for the DSFs. The corresponding
scaling exponents ζ(3) are 0.95± 0.02, 0.84± 0.03, 1.15± 0.07 and 0.99± 0.03. The statistical error is the
95% fitting confidence on the inertial range.
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Figure 5. (Color online) Measured singularity spectrum D(h). The errorbar is the standard deviation from
120 realizations. The inset shows the corresponding scaling exponents ζ(n). For comparison, the lognormal
model with an intermittent parameter µ = 0.33 is illustrated by a solid line.
this database can be found in Ref. [31].221
To determine the inertial range in real space, we plot the measured compen-222
sated 3rd-order moments in Fig.4 for the SFs (S3(ℓ)/(ǫℓ) with () and without223
(#) absolute value), DSFs (B3(ℓ)/(ǫℓ) with (▽) and without (△) absolute value),224
respectively. A horizontal solid line indicates the Kolmogorov’s four-fifth law. A225
plateau is observed for B3(ℓ)/(ǫℓ) on the range 10 < ℓ/η < 1000, which agrees very226
well with the inertial range predicted by Eu(k), i.e., on the range 0.001 < kη < 0.1.227
The corresponding height and scaling exponent are 0.80±0.05 with absolute value228
(resp. 0.0098 ± 0.0024 without absolute value) and ζ(3) = 0.99 ± 0.03 (resp.229
ζ(3) = 1.15 ± 0.07), respectively. The statistical error is the standard deviation230
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obtained from the range 10 < ℓ/η < 1000. Note that the Kolmogorov’s four-fifth231
law indicates a linear relation 〈∆u3ℓ 〉 = −4/5ǫℓ. It is interesting to note that, despite232
of the sign, we have 〈|∆ui,ℓ|
3〉 = 4/5ǫℓ on nearly two-decade scales. For comparison,233
the 3rd-order SFs are also shown. Roughly speaking, a plateau is observed on the234
range 10 < ℓ/η < 100. This inertial range is shorter than the one predicted by the235
Fourier analysis or DSFs, which is now understood as the large-scale influence. The236
corresponding height and scaling exponent are 0.67 ± 0.02 without absolute value237
(resp. 4.84±0.14 with absolute value) and 0.95±0.02 (resp. 0.84±0.03). Therefore,238
the DSFs provide a better indicator of the inertial range since it removes/constrains239
the large-scale influence. We therefore estimate the scaling exponents for the Bn(ℓ)240
on the range 10 < ℓ/η < 1000 for −4 ≤ n ≤ 4 directly without resorting to the241
Extended Self-Similarity technique [32, 33]. For the SFs, we calculate the scaling242
exponents ζ(n) on the range 10 < ℓ/η < 100 for 0 ≤ n ≤ 4 directly.243
Figure 5 shows the measured singularity spectra D(h) for −4 ≤ n ≤ 4, in which244
the errorbar is a standard deviation from 120 realizations. The inset shows the245
corresponding scaling exponents ζ(n). For comparison, the lognormal model ζ(n) =246
n/3− µ/18
(
n2 − 3n
)
with an intermittent parameter µ = 0.33 is shown as a solid247
line. Visually, the DSFs curve fully recovers the lognormal curve not only on the left248
part (resp. n ≥ 0) but also on the right part (resp. n ≤ 0). Due to the large-scale249
contamination, the SFs underestimates the scaling exponents ζ(n) when n ≥ 0250
[11, 12]. This leads an overestimation of the left part of singularity spectrum D(h)251
(see  in Fig.5). However, if one resorts the ESS algorithm when measuring the252
SF scaling exponent ζ(n), the corresponding singularity spectrum D(h) is then253
horizontal shifted to the theoretical curve. This has been interpreted as that the254
ESS technique suppresses the finite Reynolds number effect. We show here that255
if one removes/constrains the effect of large-scale motions, one can retrieve the256
scaling exponent ζ(n) (resp. singularity spectrum D(h)) without resorting the ESS257
technique. Or in other words, the finite Reynolds number effect manifests at large-258
scale motions, which is usually anisotropic too.259
5. Conclusion260
In this paper, we introduce a detrended structure-function analysis to re-261
move/constrain the influence of large-scale motions, known as the infrared effect.262
In the first step of our proposal, the 1st-order polynomial trend is removed within263
a window size ℓ. By doing so, the scales larger than ℓ, i.e., r ≥ ℓ, are expected to be264
removed/constrained. In the second step, a velocity increment is defined with a half265
of the window size. The DSF proposal is validated by the synthesized fractional266
Brownian motion for the mono-fractal process and a lognormal random walk for267
the multifractal process. The numerical test shows that both SFs and DSFs estima-268
tors provide a comparable performance for synthesized processes without intrinsic269
structures.270
When applying to the turbulent velocity obtained from a high Reynolds number271
wind tunnel experiment, the 3rd-order DSFs show a clearly inertial range on the272
range 10 < ℓ/η < 1000 with a linear relation B3(ℓ) ≃ 4/5ǫℓ. The inertial range273
provided by DSFs is consistent with the one predicted by the Fourier power spec-274
trum. Note that, despite of the sign, the Kolmogorov’s four-fifth law is retrieved275
for the 3rd-order DSFs. The corresponding 3rd-order SFs are biased by the large-276
scale structures, known as the infrared effect. It shows a shorter inertial range and277
underestimate the 3rd-order scaling exponent ζ(3). The scaling exponents ζ(n) are278
then estimated directly without resorting to the ESS technique. The correspond-279
ing singularity spectrum D(h) provided by the DSFs fully recovers the lognormal280
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model with an intermittent parameter µ = 0.33 on the range −4 ≤ n ≤ 4. How-281
ever, the classical SFs overestimate the left part singularity spectrum D(h) (resp.282
underestimate the corresponding scaling exponents ζ(n)) on the range 0 ≤ n ≤ 4.283
This has been interpreted as finite Reynolds number effect and can be corrected by284
using the ESS technique. Here, to our knowledge, we show for the first time that if285
one removes/constrains the influence of the large-scale structures, one can recover286
the lognormal model without resorting to the ESS technique.287
The method we proposed here is general and applicable to other complex dy-288
namical systems, in which the multiscale statistics are relevant. It should be also289
applied systematically to more turbulent velocity databases with different Reynolds290
numbers to see whether the finite Reynolds number effect manifests on large-scale291
motions as well as we show for high Reynolds number turbulent flows.292
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